Studies on cobalt myoglobins and hemoglobins. Interaction of sperm whale myoglobin and Glycera hemoglobin with molecular oxygen.
The pH dependence of the electron paramagnetic resonance (EPR) spectrum and oxygen affinity of cobaltous porphyrin-containing myoglobin (CoMb) have been examined. The hyperfine structures of the EPR spectrum of oxy-CoMb undergo small, reversible pH-dependent changes with pK values of 5.33, 5.55, and 5.25 +/- 0.05 for proto-, meso-, and deutero-CoMb's, respectively, whereas deoxy-CoMb does not exhibit any pH dependence of its EPR spectrum. The partial pressure of oxygen at half-saturation of proto-CoMb decreases from 26 to 42 Torr on lowering the pH from 7.0 to 4.8. For comparison, we have prepared cobaltous porphyrin-containing monomeric Glycera hemoglobin (CoHb (Glycera)), in which the distal histidyl group of myoglobin is replaced by a leucyl residue, and examined the equilibria and kinetics of its oxygenation and EPR spectrum. CoHb (Glycera) has exhibited a very low oxygen affinity (p50 = 7 X 10(2) Torr at 5 degrees) and a large dissociation rate constant (more than 8 X 10(4) S-1 at 5 degrees). The EPR spectrum of oxy-CoHb (Glycera) was affected by neither pH nor replacement of H2O with D2O. Low temperature photodissociation studies by EPR and spectrophotometry have shown that the photolyzed form of the ligated hemoglobin (Glycera) is similar to its deoxy form, in contrast to myoglobin which gives a new intermediate states as the photolyzed form. These differences between CoMb and CoHb (Glycera) are interpreted with relation to the possible role of the distal histidyl residue in CoMb.